Introduction
============

Congenital posterolateral diaphragmatic hernia (CDH) or Bochdalek hernia (BH) is a life-threatening malformation characterized by an anomaly of the posterolateral foramina of Bochdalek, through which the abdominal viscera migrate into the chest during fetal development.[@JR120019cg-1] The incidence of CDH is 1 in 2,500 to 3,000 newborns.[@JR120019cg-2] [@JR120019cg-3] Vertebrates exhibit evolutionarily conserved asymmetries in the pattern of internal organ placement, which are essential for normal physiological function. Left--right asymmetries in organ situs are dependent on the formation of an intact left--right axis during embryogenesis. Alterations in the classic asymmetries (situs solitus) may occur as a complete mirror image reversal of all of the organs (situs inversus totalis), or an incomplete reversal resulting in a wide spectrum of intermediate defects (situs ambiguus), including heterotaxy (reversal of individual organs along the left--right axis) and isomerism (duplication or changes in normal symmetry). In situs inversus totalis, the heart is located on the right side of the chest, the left lung is trilobed and the right lung is bilobed, and the stomach and spleen occupy the right side, while the liver and gallbladder are present on the left side of the abdomen and the intestine is transposed.[@JR120019cg-3] The situs inversus (SI) condition has an estimated occurrence of 1 in 5,000 to 20,000 births and is either undiagnosed or is diagnosed incidentally during the investigation of another associated aliment.[@JR120019cg-4] [@JR120019cg-5] One-fourth to one-fifth of patients with SI have a genetically heterogeneous, autosomal-recessive disorder known as primary ciliary dyskinesia (PCD), a dysfunction of the cilia that manifests during embryologic development.[@JR120019cg-3] [@JR120019cg-6] Normal functioning cilia are critical to the embryological development of proper organ laterality, and approximately 50% of PCD patients present with abnormalities of thoracoabdominal symmetry.[@JR120019cg-6] These patients have Kartagener syndrome (KS), initially reported in the early 1900s, which is characterized by the triad of SI, chronic sinusitis, and bronchiectasis.[@JR120019cg-7] To the best of our knowledge, this is the first report documenting a case of a right-sided BH in a patient with KS.

Case Report
===========

The report focuses on a 4.180-kg baby boy born by cesarian section from an epileptic mother, with the end of a gestation complicated by threatened abortion and polyhydramnios. Soon after birth, the boy developed acute respiratory distress and cyanosis. Physical examination revealed a distended thorax, intercostal retractions with decreased breathing sounds on the right side of the thorax, and a scaphoid abdomen. A chest radiograph revealed the presence of intestinal loops in the right pleural cavity with left displacement of the mediastinum ([Fig. 1](#FI120019cg-1){ref-type="fig"}). The baby was initially stabilized by emergency endotracheal intubation and ventilated with synchronized intermittent positive pressure ventilation with the following parameters: Ti 0.3, Te 1, PEEP 4, and F[io]{.smallcaps} ~2~ 35%. After 48 hours of stabilization, the baby underwent a laparotomy through the right abdomen. The right diaphragmatic defect was exposed and was sutured with interrupted nonabsorbable sutures. During laparotomy, the liver and the gallbladder appeared in the left and the spleen in the right hypochondrium. Therefore, SI was suspected. The postoperative course was complicated by drainage of the right pneumothorax. The baby was weaned from ventilation on the 7th postoperative day. A chest X-ray ([Fig. 2](#FI120019cg-2){ref-type="fig"}), echocardiography, and electrocardiograms revealed a right-sided heart; the barium meal documented greater curvature of the right-oriented stomach and the barium enema showed a mirror image of intestinal tube, thereby confirming SI. The baby was discharged on the 15th postoperative day with medical therapy for gastroesophageal reflux. During follow-up, the baby had several episodes of bronchitis and otitis. He underwent examinations to exclude cystic fibrosis, which included a sweat test and a genetic test that revealed the lack of relevant mutations. In vitro and electron microscopic ultrastructural analyses of nasal scraping respiratory cilia confirmed KS. A tympanogram revealed a flat curve, and parental history of SI was negative.
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Discussion
==========

Right-sided BH and KS are two rare disorders, with no reported association. Embryogenesis of BH has been described as a failure in the closure of the pericardioperitoneal canal by the pleuroperitoneal membranes, which occurs during gestational week 8th.[@BR120019cg-8] For this reason, it is hypothesized that an early return in the coelomic cavity of the foregut results in wide posterolateral spaces and dysfunctional pleuroperitoneal membranes. Consequently, the abdominal viscera herniate into the thorax, which is thought to cause pulmonary hypoplasia by compression of the growing lung.[@BR120019cg-8] The left BH is the most frequent CDH, and its preponderance with respect to the right side may be related to the early closure of the right pleuroperitoneal opening, although no theories have been postulated to explain this.[@BR120019cg-9] CDH can be associated with different syndromes, such as Fryns, Donnai-Barrow, Beckwith-Wiedemann, Sympson-Golabi-Behmel, Coffin-Siris, and Denys-Drash syndromes. However, the association with KS has never been described.[@JR120019cg-10] KS is characterized by the triad of SI, chronic sinusitis, and bronchiectasis and is a subset of one of the most widely recognized ciliopathies, PCD, in which ciliary motility defects occur. Particularly during embryogenesis, KS could alter normal left--right axis formation, which determines the SI. Sutherland and Ware have recently offered a detailed view of the five steps necessary to establish asymmetry in the vertebrate. SI, caused by PCD, usually results from defects in signaling at the node involving cilia structure and function.[@JR120019cg-10] Three previous reports have described single laterality abnormalities in combination with a right-sided diaphragmatic defect; only one has shown an abdominal SI associated with a right-sided BH in which the karyotype was normal and the family history mentioned no other cases of laterality defects.[@JR120019cg-3] Retinoic acid has been implicated in both diaphragmatic development and situs anomalies. However, no evidence exists in the literature regarding the role of retinoic acid in KS. Thus, the two malformations in the present case are considered an occasional occurrence.

Conclusions
===========

This is the first case of the association of right-sided BH and KS in a live patient. When dealing with an association of diaphragmatic hernia with situs inversus totalis, physicians should be mindful of the potential contribution of ciliary dyskinesia to chronic respiratory disease (particularly bronchiectasis), which might otherwise be attributed to gastroesophageal reflux disease. Multidisciplinary clinical management of both malformations with early identification and treatment is warranted.
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